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Ann Arbor, Michigan
The role of ischemia in the induction of ventricular
tachycardia during programmed stimulation was stud-
ied in 19patients who survived a cardiac arrest and were
found to have a significant stenosis in at least one branch
of the left coronaryartery. The arterial-coronary sinus
lactate difference was measured during electrophysio-
logic testing, before the induction of ventricular tachy-
cardia. Ventrtcelar tachycardia was induced in 15 pa-
tients; it w~ sustained and unimorphic in 6 patients and
polymorphic in 9. Myocardial ischemia, as reflected by
net myocardial lactate production, was present within
60 seconds before the induction of ventricular tachycar-
dia in 8 of the 15 patients with inducible ventricular
tachycardia.
In 9 of the 15 patients, programmed stimulation was
repeated after a 15 minute rest period, with the same
coupling intervals that had induced ventricular tachy-
Measurement of the arterial-coronary sinus lactate differ-
ence during electrophysiologic testing has demonstrated that
programmed ventricular stimulation in patients who have
coronary artery disease may precipitate myocardial ischemia
(1,2). However, whether myocardial ischemia plays a direct
role in the induction of arrhythmias during programmed
ventricular stimulation to date has not been investigated.
Programmed ventricular stimulation results in the induc-
tion of ventricular tachycardia in as many as 80% of patients
who have survived a cardiac arrest (3-9). Because approx-
imately one-third of cardiac arrests in patients who have
coronary artery disease may be precipitated by an ischemic
event (10), such patients may constitute a particularly suit-
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cardia previously. Net myocardial lactate production was
not present in any patient during this repeat attempt.
In three patients without evidence of ischemia during
the first induction of ventricular tachycardia, the ar-
rhythmia was induced again by the specific coupling
intervals that had induced it previously. However, in
fiveofsix patients with net myocardial lactate production
during the first induction of ventricular tachycardia, the
same coupling intervals that had induced the arrhythmia
in the presence of ischemia no longer induced it in the
absence of ischemia.
The results of this study suggest that myocardial isch-
emia may be a requirement for the induction of ven-
tricular tachycardia in some patients with coronary ar-
tery disease who survive a cardiac arrest.
(1 Am Call Cardiol 1987;9:1004-12)
able group in which to determine the importance of myo-
cardial ischemia during programmed ventricular stimula-
tion. Therefore, this study was designed to investigate whether
ischemia plays a role in the induction of ventricular tachy-
cardia during programmed ventricular stimulation in patients
with coronary artery disease who survive a cardiac arrest.
Methods
Selection of subjects. The subjects of this study were
19 patients who survived an episode of out-of-hospital car-
diac arrest and who were found by coronary angiography
to have a significant stenosis (~70% luminal narrowing) in
at least one branch of the left coronary artery . Each patient
had ventricular tachycardia or ventricular fibrillation doc-
umented at the time of resuscitation. Patients in whom ven-
tricular tachycardia or ventricular fibrillation occurred sec-
ondary to an acute myocardial infarction, an electrolyte
disturbance or an adverse drug reaction were not included
in this study.
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Because measurement of the arterial-coronary sinus lac-
tate difference may not detect myocardial ischemia in the
distribution of the right coronary artery, patients who had
a stenosis in the rightcoronary artery but no stenosis in the
left coronary artery were excluded from this study.
Patient characteristics (Table 1). There were 13 men
and 6 women whose mean age (±SD) was 61 ± 8 years.
Fifteen patients had a history of myocardial infarction and
12hada history of anginapectoris. At the timeof thecardiac
arrest, nine patients were sedentary (lying downor sitting),
threewereeatingandseven werephysically active (walking,
playing golf). Most of the patients had retrograde amnesia
and only two patients recalled experiencing chest pain im-
mediately before the cardiac arrest. Only two patients were
beingtreated withan antiarrhythmic drugat the timeof their
cardiac arrest, one with tocainide and the other with quin-
idine. The QT interval was ::;0.44 second in both patients.
Each patient underwent coronary angiography within 3
months after the cardiac arrest. The distribution and se-
verity of coronary stenoses are described in Table 1. Con-
trast ventriculography demonstrated a ventricular aneurysm
in 8 of the 19 patients. The mean left ventricular ejection
fraction was 0.33 ± 0.11. Eight patients were able to undergo
a thallium-201 exercise test (Bruce protocol), and a revers-
ible perfusion defect during exercise was found in seven of
these patients.
Electrophysiologic study. An electrophysiologic study
wasperformed within 3 months after the cardiac arrest. The
protocol was approved by the Committee on Human Re-
search at the University of Michigan. After informed con-
sent was obtained, patients were studied in the fasting, un-
sedated state. A central lumen catheter was inserted
percutaneously into a subclavian vein and positioned in the
proximal portion of the coronary sinus. A 6F quadripolar
electrode catheter was inserted into a femoral vein and po-
sitioned against the apex of the right ventricle. A short 5F
cannula inserted into a femoral area was used to continu-
ouslymonitor the arterial pressure andto drawarterial blood
samples.
Leads VI, I and III, the intracardiac electrogram and the
arterial pressure tracing were displayed on an oscilloscope
and recorded at a paper speed of 25 to 50 mmls on an
Electronics for Medicine VR-12 or Siemens-Elema Mino-
graf-7 recorder. Programmed stimulation was performed
with stimuli which were 2 ms in duration and twice the
diastolic threshold.
Programmed ventricular stimulation protocol. This
protocol hasbeendescribed in detailpreviously (1). In brief,
single, double and then triple extrastimuli were delivered
using eight beat drive trains that had a cycle lengthof 600,
550 or 500 ms.·The intertrain interval was 4 seconds. If
sustained ventricular tachycardia was not induced, pro-
grammed stimulation with single, double and then triple
extrastimuli was repeated using a basic drive cycle length
of400 ms. In patients whodidnothaveinducible ventricular
tachycardia at the right ventricular apex, the electrode cath-
Table 1. Clinical Characteristics of 19 Patients
Coronary Artery Stenosis
Ischemia During
Patient Age (yr) (percent of diameter) LV LV Stress Thallium
No. &Sex LAD LCx RCA EF Aneurysm Test
I 41M 99 0 0 0.28 Yes Yes
2 68F 0 90 90 0.27 No ND
3 58F 80 80 100 0.15 Yes Yes
4 55M 50 95 0 0.40 No Yes
5 68M 100 100 50 0.30 Yes ND
6 51F 95 95 95 0.53 No ND
7 61M 95 95 95 0.31 Yes ND
8 65F 90* 80* 100* 0.32 No No
9 68M 90 40 90 0.24 No Yes
10 73M 99 95 95 0.40 No ND
II 57M 100 100 50 0.42 Yes ND
12 60F 95 90 90 0.30 No ND
13 60M 99 0 100 0.38 Yes ND
14 57M 95 100 95 0.30 No ND
15 12M 60 80 100 0.60 No Yes
16 61M 90* 95t 90* 0.32 Yes Yes
17 62M 80 40 100 0.24 Yes Yes
18 60M 100 90 95 0.36 No ND
19 69M 90 60 0 0.15 No ND
"Patent bypass graft distal to stenosis. tOcc1uded bypass graft distal to stenosis. EF = ejection fraction; F = female; LAD = left anterior descending
coronary artery; LCx = left circumflex coronary artery; LV = left ventricular; M = male; ND == not determined; RCA = right coronary artery.
1006 MORADY ET AL.
ISCHEMIA DURING PROGRAMMED STIMULATION
JACCVol. 9, No.5
May 1987:1004-12
eter was repositioned in the right ventricular outflow tract
and programmed stimulation was repeated with the same
protocol used at the apex.
The end point of the stimulation protocol was the induc-
tion of sustained ventricular tachycardia. Sustained ven-
tricular tachycardia was defined as ventricular tachycardia
> 30 seconds in duration or requiring direct current coun-
tershock to terminate. Nonsustained ventricular tachycardia
was defined as ventricular tachycardia 6 complexes to 30
seconds in duration.
Serum lactate determinations. Blood samples of 3 ml
were drawn simultaneously from the femoral artery and
coronary sinus. Lactate concentrations were determined en-
zymatically on a centrifugal analyzer. The arterial-coronary
sinus lactate difference divided by the arterial lactate con-
centration x 100 was expressed as "percent lactate ex-
traction." Net myocardial lactateproduction wasconsidered
present when the percent myocardial lactate extraction had
a negative value.
Two baseline samples were drawn before starting the
stimulation protocol. Subsequent samples were drawn on
completionof each step of the stimulation protocol, that is,
after stimulation with single, double and triple extrastimuli
at each drivecycle length. Whilesampleswerebeingdrawn,
stimulation with the eight beat drive trains was continued
to maintainhemodynamic conditionssimilarto thoseduring
programmed ventricular stimulation.
Myocardial lactate extraction preceding ventricular
tachycardia induction. In patients who had induced ven-
tricular tachycardia, attempts were made to obtain a si-
multaneous sample of blood from the femoral artery and
coronary sinus within 30 to 60 seconds before induction of
the tachycardia. This was accomplished in one of two ways.
In some patients, samples were drawn at random every 2
to 3 minutesduring the stimulation protocol and, by chance,
ventricular tachycardia was induced less than I minuteafter
drawing a sample. However, in four patients no samples
drawn within I minute before the induction of ventricular
tachycardia were available. In these four patients, after a
15 minute rest period following the termination of ventric-
ular tachycardia, two additional baseline samples were drawn.
The stimulation protocol was then repeated and samples
were drawn from the femoral artery and coronary sinus as
the extrastimuli approached the coupling intervals that had
induced ventricular tachycardia on the first attempt.
Attempts to reinduce ventricular tachycardia with
specific coupling intervals. An attempt was made to de-
termine whether myocardial ischemia during programmed
ventricularstimulation was simply an epiphenomenon or in
fact a requirement for the induction of ventricular tachy-
cardia. In a prior study (I), it was found that programmed
ventricular stimulation with a single eight beat drive train
and one, two or three extrastimuli did not affect myocardial
lactate extraction and that stimulation with several drive
trains was necessary to induce net myocardial lactate pro-
duction . Therefore, in the present study, in patients who
had inducible ventricular tachycardia, the specific coupling
intervals that had induced ventricular tachycardia were noted,
and after a 15 minute rest period, stimulation was repeated
with a single eight beat drive train and with extrastimuli
that had the same coupling intervals that had induced ven-
triculartachycardia on thepriorattempt. If ventriculartachy-
cardia wasnot induced, stimulation was repeated at thesame
coupling intervalstwo moretimes, withan intertrain interval
of 30 seconds to avoid inducing lactate production. In this
way it could be determined whether the specific coupling
intervals that had resulted in the induction of ventricular
tachycardia in the presence of ischemia would also induce
ventricular tachycardia in the absence of ischemia.
This maneuver was performed in 9 of the 15 patients
who had inducible ventricular tachycardia. Reinduction of
ventricular tachycardia with specific coupling intervals was
notattempted in theothersix patientsbecause of poorpatient
tolerance todirectcurrentcountershocks needed to terminate
prior episodes of ventricular tachycardia.
Analysis of data. The Student's paired t test demon-
strated no significant difference in each patient between the
two baseline values for myocardial lactateextraction; there-
fore the mean of the two values was used in data analysis.
Comparisons were performed with either Student's t test or
the chi-square test. A probability value of < 0.05 was con-
sidered significant.
Results
Results of programmed ventricular stimulation (Ta-
ble 2). No ventricular tachycardia was inducible in 4 (21 %)
of the 19 patients. Of the remaining 15 patients, sustained
unimorphic ventricular tachycardia was induced in six (32%),
sustained polymorphic ventricular tachycardia in seven (37%)
and nonsustained polymorphic ventricular tachycardia (15
to 24 beats in duration) in two (10%). The meancycle length
of the unimorphic ventricular tachycardias was 280 ± 44
ms, and that of the polymorphic ventricular tachycardias
was 200 ± II ms. The ventricular tachycardia was induced
by two extrastimuli in I patient each, and by three extra-
stimuli in 13patients . The sustained ventricular tachycardia
that was induced required direct current countershock to
terminate in all but two patients who had inducible uni-
morphic ventricular tachycardia that could be terminated by
overdrive pacing.
Myocardial lactate extraction in patients without in-
ducible ventricular tachycardia. The baselinemyocardial
lactate extraction ranged from 20 to 42% in these four pa-
tients. Net myocardial lactate production was not observed
at any point during the stimulation protocol in this group
(Table 2).
lACC Vol. 9, No.5
May 1987:1004-12
MORADY ET AL.
ISCHEMIA DURING PROGRAMMED STIMULATION
1007
Table 2. Induced Ventricular Tachycardia and Net Myocardial Lactate Extraction During Programmed Ventricular Stimulation
in 19 Patients
Patient
Induced VT Induction Technique Net Lactate Extraction (%)
No. Morph CL (ms) DCL (rns) No. ES Baseline Before VT Induction*
I No VT 42
2 No VT 30
3 No VT 36
4 No VT 20
5 LB, [ 240 400 3 4 -28
6 RB,S 280 400 3 22 -10
7 RB, I 290 400 2 15 -5
8 LB.S 310 550 3 32 14
9 RB, S 340 600 3 14 -10
10 LB.S 220 600 3 15 17
11 Polyt 210 400 3 38 -9
12 Poly 220 600 I 37 -6
13 Poly 200 400 3 38 39
14 Poly 200 400 3 33 -42
15 Poly 200 400 3 30 32
16 Polyt 200 400 3 32 27
17 Poly 190 400 3 19 6
18 Poly 180 550 3 34 34
19 Poly 200 400 3 18 ~60
*Lactate extraction within 30 to 60 seconds before induction of ventricular tachycardia. t Nonsustained. CL = cycle length; DCL = drive cycle
length; ES = extrastimuli, I = inferior axis; LB = left bundle branch block; Morph = morphology; Poly = polymorphic; RB = right bundle branch
block; S = superior axis: VT = ventricular tachycardia.
Myocardial lactate extraction in patients withinduced
unimorphic ventricular tachycardia. The baseline myo-
cardial lactate extraction ranged from 4 to 32% in these six
patients. Net myocardial lactate production occurred within
30 to 60 seconds before induction of the tachycardia in four
(67%) of the six (Table 2). Only one patient (Case 9) ex-
perienced chest pain in association with net myocardial lac-
tate production.
Myocardial lactate extraction in patients withinduced
polymorphic ventricular tachycardia. The baseline myo-
cardial lactate extraction ranged from 18 to 38% in these
nine patients. Net myocardial lactate production occurred
Table 3. Comparison of Patients With and Without Net Myocardial Lactate Production During
Programmed Ventricular Stimulation
No. of patients
Age (yr)
History of angina
Physically active at time
of cardiac arrest
Ischemia on thallium
stress test
Percent stenosis
LAD
LCx
RCA
LV EF
LV aneurysm
Inducible VT
Unimorphic
Polymorphic
No. of ES needed to
induce VT
Patients With Net
Lactate Production
8
61 ± 6
7(88%)
5(62%)
III
95 ± 4
85 ± 22
71 ± 34
0.32 ± 0.11
3(38%)
8(100%)
4/8(50%)
4/8(50%)
2.6 ± 0.7
Patients with Net
Lactate Extraction p Value
II
61 ± 9 NS
5(45%) NS
2(18%) <0.05
6/7 NS
61 ± 42 <0.05
60 ± 42 NS
79 ± 39 NS
0.34 ± 0.11 NS
5(45%) NS
7(64%) NS
2/11(\8%) NS
5/11(46%) NS
3.0 ± 0 NS
Abbreviations as in Tables I and 2.
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within 30 to 60 seconds before induction of the tachycardia
in four (44%) of the nine (Table 2). None of these patients
experienced chest pain before the induction of ventricular
tachycardia.
Comparison of patients with and without net myo-
cardial lactate production during programmed stimu-
lation (Table 3). There were no significant differences be-
tween the two groups of patients in respect to mean age,
recent history of angina pectoris, incidence of a positive
stress thallium test, mean percent stenosis of the left cir-
cumflex or right coronary artery, mean left ventricular ejec-
tion fraction or incidence of a left ventricular aneurysm.
The patients who had net myocardial lactate production
during programmed stimulation more often were engaged
in some type of physical activity at the time of their cardiac
arrest and had a significantly higher mean percent stenosis
of the left anterior descending coronary artery. There was
no significant difference between the two groups of patients
in the incidence of inducible ventricular tachycardia or in
the number of extrastimuli required to induce the tachycar-
dia.
Attempts to reinduce ventricular tachycardia with
specific coupling intervals (Table 4). Among three pa-
tients who did not have evidence of net myocardial lactate
production preceding the first induction of ventricular tachy-
cardia, the same tachycardia was induced after a 15 minute
rest period by the identical coupling intervals that had in-
duced tachycardia during the first attempt (Fig. I).
In five of six patients who did have net myocardial lactate
production preceding the first induction of ventricular tachy-
cardia, no ventricular tachycardia was inducible after a 15
minute rest period when programmed stimulation with the
same coupling intervals that had induced the tachycardia on
the first attempt was repeated three times in the absence of
net lactate production (Fig. 2). In one of these six patients,
the tachycardia was reinduced despite the absence of net
lactate production.
Repeat electrophysiologic study after revasculariza-
tion. Two patients underwent percutaneous transluminal
coronary angioplasty and seven underwent coronary artery
bypass grafting. Of the latter seven patients, two also had
map-directed endocardial resection. A follow-up electro-
physiologic study after revascularization was performed in
four of the five patients who underwent only coronary artery
bypass grafting. In all four patients ventricular tachycardia
had been induced in the baseline electrophysiologic study,
in two in association with net myocardial lactate extraction
and in two in association with net myocardial lactate pro-
duction.
The two patients who demonstrated myocardial lactate
production before revascularization no longer had inducible
ventricular tachycardia after revascularization. In contrast,
the two patients who did not demonstrate net myocardial
lactate production during programmed ventricular stimula-
tion before revascularization still had inducible ventricular
tachycardia after revascularization. They were treated with
procainamide or amiodarone.
Long-term follow-up. Among the nine patients who
underwent revascularization (Cases I, 6, 7, 10 and 12 to
16), one patient died postoperatively and the remaining eight
patients have remained alive without a recurrence of symp-
tomatic ventricular tachycardia or ventricular fibrillation over
a mean follow-up period of 14 ± 6 months (range 5 to 22).
The other 10 patients were treated with amiodarone and
Table 4. Lactate Extraction Before Initial Induction of Ventricular Tachycardia and Before Repeat Attempt With Specific
Coupling Intervals
Initial Induction (Entire PVS Protocol) Repeat Attempt With Specific CI*
Patient Net Lactate Net Lactate
No. Morph CL (ms) No. ES Extraction (%)t Extraction (%):j: Morph CL (ms)
Patients With Net Lactate Extraction Before Initial Induction of VT
8 LB, S 310 3 14 17 LB,S 310
10 LB,S 220 3 17 27 LB. S 220
16 Poly§ 220 3 27 31 Poly§ 210
Patients With Net Lactate Production Before Initial Induction of VT
5 LB, I 240 3 -28 6 No VT
6 RB,S 280 3 -10 12 No VT
7 RB, I 290 2 -5 II RB, I 290
9 RB,S 340 3 -10 6 No VT
II Poly§ 210 3 -9 24 No VT
12 Poly 220 I -6 22 No VT
*Stimulation with the specific coupling intervals that induced VT on the first attempt was repeated after a IS minute rest period. tNet myocardial
lactate extraction within 60 seconds before VT induction. :j:Net myocardial lactate extraction IS minutes after first VT induction, just before second
induction attempt. §Nonsustained. CI = coupling interval; PVS = programmed ventricular stimulation; other abbreviations as in Table 2.
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Figure 2. Patient 12, Induction of ventricular tachycardia. Re-
corded leads as in Figure I. A, During the first attempt at pro-
grammed stimulation, a single extrastimulus was introduced at an
initial coupling interval of 450 rns, with a drive cycle length of
600 ms. The coupling interval was decreased in 10 ms steps, and
at a coupling interval of 280 rns, polymorphic ventricular tachy-
cardia was induced. Blood samples from the coronary sinus and
femoral artery drawn within I minute of the induction of ventricular
tachycardia were not available, B, After a 15 minute rest period,
programmed stimulation with a single extrastimulus was repeated,
again starting with an initial coupling interval of 450 ms. Blood
samples drawn when the coupling interval reached 320 ms dem-
onstrated that net myocardial lactate extraction was - 6%. As
programmed stimulation was continued, polymorphic ventricular
tachycardia was again induced at a coupling interval of 280 ms.
C, After another 15 minute rest period, net myocardial lactate
extraction was 22%. Stimulation with a single eight beat drive
train and a single extrastimulus at a coupling interval of 280 ms
no longer resulted in the induction of ventricular tachycardia. Pro-
grammed stimulation with a single extrastimulus at a coupling
interval of 280 ms was repeated twice at 30 second intervals, and
no ventricular tachycardia was induced. Therefore, a single ex-
trastimulus at a coupling interval of 280 ms was able to induce
ventricular tachycardia only when preceded by stimulation with
multiple eight beat drive trains, which resulted in myocardial lac-
tate production.
B
tients in the absence of ischemia, This observation suggests
that in at least some patients who have coronary artery
disease, myocardial ischemia may be a requirement for the
induction of ventricular tachycardia,
Reproducibility of ventricular tachycardia induction.
It may be questioned whether the inability to reinduce ven-
cFigure I. Patient 8. Induction of ventricular tachycardia. Fromtop to bottom are electrocardiographic leads V I, I and III, and
the intracardiac electrogram recorded at the right ventricular apex
(RVA). A, When the entire stimulation protocol was performed,
ventricular tachycardia was induced by three extrastimuli, at a
drive cycle length of 550 ms. The coupling intervals of the first,
second and third extrastimuli were 290, 250 and 260 ms, respec-
tively. Approximately 30 seconds before ventricular tachycardia
was induced, net myocardial lactate extraction during programmed
stimulation was 14%. The ventricular tachycardia had a left bundle
branch block configuration, a superior axis and a cycle length of
310 ms. B, Fifteen minutes after termination of ventricular tachy-
cardia, net myocardial lactate extraction was 17%. Stimulation
with a single eight beat drive train and three extrastimuli at the
same coupling intervals that originally induced ventricular tachy-
cardia again resulted in the induction of ventricular tachycardia.
The ventricular tachycardia had the same configuration and cycle
length as the original ventricular tachycardia.
have remained alive without a recurrence of symptomatic
ventricular tachycardia or ventricular fibrillation over a mean
follow-up period of II ± 7 months (range 3 to 19),
Discussion
Myocardial ischemia and the induction of ventricular
tachycardia. The results of this study suggest that the in-
duction of ventricular tachycardia by programmed ventric-
ular stimulation in some patients who have coronary artery
disease may not be solely an electrophysiologic phenome-
non, but may require the presence of myocardial ischemia.
Although there was evidence that myocardial ischemia was
present before the induction of ventricular tachycardia in
several patients, this observation by itself does not neces-
sarily suggest that the ischemia was a requirement for ven-
tricular tachycardia to be induced. However, it was shown
that programmed stimulation with the same number of ex-
trastimuli and the same coupling intervals that induced ven-
tricular tachycardia in the presence of myocardial ischemia
no longer induced ventricular tachycardia in five of six pa-
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tricular tachycardia after a 15 minute rest period despite
stimulation with the identical coupling intervals that initially
induced ventricular tachycardia was related to random non-
reproducibility instead of to the absence of myocardial isch-
emia. However, ventricular tachycardia was again inducible
after a 15 minute rest period in each of the three patients
who did not have evidence of myocardial ischemia during
the first induction of ventricular tachycardia. If random non-
reproducibility was a factor in the results, it would be ex-
pected that some patients without evidence of ischemia would
also not have had inducible ventricular tachycardia after a
15 minute rest period. The finding that ventricular tachy-
cardia induction was reproducible in patients without net
lactate production during programmed ventricular stimula-
tion validates the conclusion that myocardial ischemia was
playing an important role in the patients who did have net
lactate production during programmed ventricular stimula-
tion.
Effects of revascularization. The conclusion that myo-
cardial ischemia may play an important role in the induction
of ventricular tachycardia in some patients with coronary
artery disease is also strengthened by observations in four
patients in whom the only therapeutic intervention was coro-
nary artery bypass grafting. As would be expected if myo-
cardial ischemia was a requirement for the induction of
ventricular tachycardia, ventricular tachycardia was not in-
ducible after revascularization in the two patients in whom
such ischemia had been observed in the baseline electro-
physiologic study. Furthermore, as would be expected, when
myocardial ischemia during programmed stimulation was
not present in the baseline study, ventricular tachycardia
was still inducible despite revascularization.
Our results are consistent with the findings of Garan et
al. (II), who reported that revascularization alone prevented
the induction of ventricular tachycardia or ventricular fi-
brillation in 8 of 15 patients with coronary artery disease
who had life-threatening ventricular arrhythmias and in-
ducible ventricular tachycardia or ventricular fibrillation be-
fore undergoing coronary artery bypass grafting. These in-
vestigators did not measure the arterial-coronary sinus lactate
difference during programmed ventricular stimulation, and
there was no subjective or objective evidence of ischemia
in the majority of their patients. Nevertheless, from the
response of their patients to revascularization, they con-
cluded that pacing-induced changes in myocardial perfusion
may play a role in the genesis of induced ventricular ar-
rhythmias. The correlation between objective evidence of
myocardial ischemia during programmed stimulation and
the response to revascularization in the present study is in
support of this conclusion.
Role of triple extrastimuli. Triple extrastimuli were
required to induce ventricular tachycardia in six of eight
patients who manifested evidence of myocardial ischemia
before the induction of ventricular tachycardia. In each of
these six patients, evidence of myocardial ischemia, that is,
net myocardial lactate production, was also present during
programmed stimulation with double extrastimuli. There-
fore, although myocardial ischemia may be playing an im-
portant role in the induction of ventricular tachycardia, stim-
ulation with a critical number of extrastimuli appears to be
equally important in many patients.
Patients without inducible ventricular tachycardia. A
prior study (12) demonstrated that patients with coronary
artery disease who survive a cardiac arrest and who have a
normal electrophysiologic study have an excellent prognosis
with treatment directed toward prevention of ischemia. The
clinical features of these patients and their response to treat-
ment suggested that cardiac arrest was related to ischemia
instead of to a primary arrhythmia.
In the present study, four patients had a normal electro-
physiologic study, with no inducible ventricular tachycar-
dia. Evidence of myocardial ischemia was not detected dur-
ing programmed ventricular stimulation in any of these four
patients. This observation is not inconsistent with the results
of the study cited (12). It is possible that cardiac arrest in
these patients was related to ischemia and that ventricular
tachycardia was not induced during programmed ventricular
stimulation because of the absence of pacing-induced isch-
emia.
Comparison of patients with and without ischemia
during programmed stimulation. Patients who had evi-
dence of myocardial ischemia during programmed stimu-
lation generally had a more severe stenosis of the left an-
terior descending coronary artery and were more often engaged
in physical activity at the time of cardiac arrest as compared
with patients who did not have evidence of ischemia during
programmed stimulation. However, there was considerable
overlap in these two variables between the two groups of
patients. In addition, there were no other clinical or angio-
graphic variables that distinguished the two groups of pa-
tients. Therefore, it does not appear possible to predict with
a high degree of accuracy which patients with coronary
artery disease and a history of cardiac arrest will manifest
pacing-induced ischemia during an electrophysiologic study.
Possible role of catecholamines. An elevation in the
concentration of plasma catecholamines during the electro-
physiologic studies potentially may have affected our find-
ings by resulting in the inhibition of glycolysis and lactate
production. However, a prior study (13) demonstrated that
programmed ventricular stimulation by itself does not affect
plasma catecholamine concentrations. Although the induc-
tion of ventricular tachycardia and its termination by direct
current countershock is associated with a severalfold in-
crease in plasma catecholamine concentrations, this increase
is short-lived, lasting less than 3 minutes. In our study, the
15 minute rest period after the termination of every episode
of sustained ventricular tachycardia makes it unlikely that
an elevation in plasma catecholamines affected the results.
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Prior experimental study. Kabell et al. (14) induced
myocardial ischemia with a graded stenosis of the left cir-
cumflex coronary artery in dogs that had undergone com-
plete occlusion of the left anterior descending coronary ar-
tery and had a 4 day old myocardial infarction. In four of
eight dogs, ventricular pacing induced ventricular tachy-
cardia after stenosis of the left circumflex coronary artery,
but not before. Consistent with our results, their study dem-
onstrated in an animal model that myocardial ischemia at
times may be a requirement for the induction of ventricular
tachycardia.
Limitations. A limitation of our study was that the in-
cidence of myocardial ischemia during programmed ven-
tricular stimulation may have been underestimated, for two
reasons. First, some patients who did not manifest net myo-
cardial lactate production during programmed stimulation
had a significant stenosis in the right coronary artery. Be-
cause this artery does not usually drain into the coronary
sinus, it was not possible in our study to detect ischemia in
the distribution of the right coronary artery. Second, lactate
may be released from the myocardium at a time when the
arterial-coronary sinus difference demonstrates net myo-
cardial lactate extraction (15). Therefore, measurement of
the arterial-coronary sinus lactate difference may not have
been a sensitive indicator of localized ischemia in the dis-
tribution of the left coronary artery.
In most patients in our study, the results of the lactate
determinations were not available at the time that clinical
decisions regarding therapy were made. Therefore, it was
not possible in our study to prospectively assess the response
to a specific form of therapy as guided by the presence or
absence of myocardial ischemia during programmed stim-
ulation.
Implications. In patients with the aborted sudden death
syndrome who have coronary artery disease, malignant ven-
tricular arrhythmias may occur in the setting of myocardial
ischemia or as a primary electrical event in the absence of
ischemia (10). Our findings suggest that this may also be
the case with ventricular arrhythmias induced in the elec-
trophysiology laboratory. This distinction may have an im-
portant clinical implication. It has been suggested that coro-
nary artery bypass surgery may prevent a recurrence of
cardiac arrest in some patients with the aborted sudden death
syndrome (16,17). Detection of myocardial ischemia by
measurement of the arterial-coronary sinus lactate difference
during programmed stimulation may identify those patients
with this syndrome who are likely to be adequately treated
by revascularization alone. On the other hand, if ventricular
tachycardia is induced in the absence of myocardial isch-
emia, this may indicate that revascularization alone will be
inadequate to prevent ventricular tachycardia and it may be
appropriate to consider other therapeutic interventions in
addition to revascularization, such as an automatic im-
planted cardioverter/defibrillator. Further studies in a larger
number of patients in whom the metabolic changes that
occur during programmed ventricular stimulation are cor-
related with the response to revascularization are needed to
investigate the potential implications of the present study.
We are grateful to Beverly Burgie, Joan Bergeron and Linda Abbott for
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for excellent secretarial assistance.
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